Abstract. Laser diffraction (LD) and next generation impactor (NGI) are commonly used for the evaluation of inhaled drug formulations. In this study, the effect of temperature and humidity on the assessment of the nebulizer particle size distribution (PSD) by LD was investigated, and the consistency between NGI and LD measurements was evaluated. There was an increase in particle size with higher temperature or lower humidity. The particle population with a diameter less than 1 μm was significant at a temperature of 5°C or at relative humidity >90%; however, the same particle population became undetectable when temperature increased to 39°C or at relative humidity of 30-45%. The results of the NGI and LD measurements of aerosol generated from three types of jet nebulizers were compared. A poor correlation between the NGI and LD measurements was observed for PARI LC (2.2 μm) (R 2 = 0.893) and PARI LC (2.9 μm) (R 2 =0.878), while a relatively good correlation (R 2 =0.977) was observed for the largest particle size nebulizer (PARI TIA (8.6 μm)). We conclude that the ambient environment and the nebulizer have significant impacts on the performance and consistency between these instruments. These factors should be controlled in the evaluation of inhaled aerosol drug formulations when these instruments are used individually or in combination.
INTRODUCTION
Pulmonary delivery is an important means for drug administration. Its advantages include direct administration to the site of action, rapid onset, avoidance of the first pass effect, and higher efficiency of the delivered drug. There are three types of formulations used for pulmonary delivery: pressurized metered dose inhalers (pMDI), dry powder inhalers (DPI), and nebulizers (1) (2) (3) . pMDI is released at high velocity and requires a simultaneous inhalation by the patient. DPI requires a relatively high inspiratory flow rate to delivery an effective mass fraction of fine particles (2) . These two types of therapy may not be suitable for young children and elderly (2, 4) . Conversely, nebulizers may have a broader application for different patient groups and diseases, due to ease of use and high patient compliance despite some drawbacks such as long time to nebulization (5, 6 ).
There are three basic types of nebulizers based on the aerosol generator, the jet, the mesh, and the ultrasonic nebulizer. The mesh nebulizer uses a vibrating mesh or plate with multiple apertures to generate a liquid aerosol (7) . The jet nebulizer uses compressed air to aerosolize the drug solution, whereas the ultrasonic nebulizer uses energy from highfrequency sound waves (2, 5) . Studies have reported that the size of the aerosol particles generated by the ultrasonic nebulizer is larger than those from a jet nebulizer (8, 9) . In clinical settings, larger particles may not be suitable for deep lung deposition. The size of aerosol particles generated by the jet nebulizer is directly proportional to the compressed air flow and the size of the nozzle, and a much smaller particle size can be generated. In addition, the particle size can be easily adjusted by choosing different types of jet nebulizers to meet the clinical need (10) . Mesh nebulizers has a greater efficiency, precision, and consistency of drug delivery to the lung than jet nebulizer and ultrasonic nebulizer. However, the higher cost of these devices has limited the generalization of mesh nebulizer. On the other hand, mesh nebulizer can be less efficient in nebulizing suspensions because of the blockage of the minute apertures with drug particles (7) . Currently, the jet nebulizer is widely used in clinical applications in spite of low efficiency of the drug delivery (11) .
To meet different clinical needs for drug deposition in pulmonary delivery therapy, the size of aerosolized particles must be controlled. The preferred size range for aerosolized particles depends on the target area. For instance, particles with an aerodynamic diameter larger than 5 μm deposit mainly in the Xinghan Song and Junhua Hu contributed equally to this work.
oropharyngeal region, and a particle size less than 2 μm is ideal and is able to deposit in the peripheral airways. However, some particles (<0.5 μm) are likely to be exhaled (10, 12) .
Clearly, precise and accurate measurement of particle size distribution (PSD) is critical for the evaluation of pulmonary formulations (3, 13, 14) . Various in vitro characterization methods have been recommended for the measurements of particle size distribution (PSD). The traditional particle size analysis in the United States Pharmacopeia (USP) and European Pharmacopeia utilizes the impactor, which has been currently considered as "the golden standard" for inhaler testing because they yield mass fractions of the drug dose (by chemical detection) in aerodynamic size classes that are relevant to particle deposition in the human respiratory tract. With a constant flow rate, the airborne particles travel through several stages with progressively decreasing cut sizes. The deposition behavior of particles is relevant to the combined effect of inertial impaction, gravitational sedimentation, and diffusion by way of Brownian motion (15) (16) (17) (18) (19) (20) (21) , giving more realistic simulation of impaction in the lungs. It is obvious that aerodynamic size distribution is an important parameter affecting aerosol performance.
In the proposed European Pharmacopeia, the measurement of PSD for nebulizers must specify a fixed flow rate of 15 L/min by a multi-stage impactor. Presently, the next generation impactor (NGI) is the only commercially available impactor to meet the requirement above. Others, such as the Anderson cascade impactor (ACI), do not meet this requirement for nebulizer testing because they require a minimum flow rate of 28.3 L/min for normal operation (14, 22) .
Laser diffraction (LD) provides a rapid measurement of droplet diameter when aerosol passes through the laser beam. The different intensity and angles of the light diffraction pattern are captured by photodetector. The data is used to calculate the solution to the Mie equations that are the combined vector equations for the incident wave, the scattered wave, and the wave inside the droplet. These information are directly related to the particle properties. LD provides droplet volume median droplet diameter (VMD) which is relevant to the particle shape, particle density, and other physical properties (viscosity, hygroscopicity, and aggregation); these information are essential for formulation development (14, 16, (23) (24) (25) . There are many studies confirmed that the most profitable features of laser diffraction are time saving, reproducibility, automatic data recording, and automatic processing. Furthermore, the applicability of laser diffraction technique is evaluated as an alternative for cascade impactor analysis for the in vitro characterization of various types of medical aerosol generators (15, (26) (27) (28) (29) (30) (31) . Some commonly used laser diffractometers are the Spraytec laser diffractometer (Malvern Instruments, UK) and the Sympatec HELOS laser diffraction analyzer (Sympatec GmbH, Clausthal-Zellerfeld, Germany) (14) .
However, the operation conditions of laser diffraction are still uncertain in the proposed pharmacopeia. Environmental conditions such as temperature and humidity not only may influence variability of the aerosol generation but also may influence PSD during the process of measurement. Relative humidity will influence triboelectric effects for DPI (32) (33) (34) , and together with temperature it will also affect aerosol evaporation during the process of measurement of pMDIs and nebulizers (35) . Farzin et al. investigated in vitro mouththroat deposition and lung delivery of selected solution and suspension pMDI formulations by using the Alberta Idealized Throat under a range of relative humidity, temperature, and flow rate conditions. The results showed that not only is the dose delivery of pMDI formulations affected by environmental conditions (in some cases causing up to 50% reduction in lung delivery) but also the solution and suspension formulation behaved differently in response to these conditions (36) . Kwong et al. compared the nebulized particle size distribution with Malvern laser diffraction analyzer (Malvern Mastersizer X; MMX) versus Andersen cascade impactor and a low flow marble personal impactor which at that time was proposed as the European standard for wet aerosol analysis to minimize evaporative losses during sampling. Mass median diameters (MMDs) obtained with the MMX were virtually identical to the mass median aerodynamic diameters (MMADs) measured with both impactors were cooled. They concluded that there was no evidence suggesting a significant evaporative loss of small droplets from the edge of the plume during laser particle sizing (16) . Ziegler et al. investigated the evaporation effect of aqueous aerosols on the PSD by using the Sympatec HELOS laser diffraction analyzer at ambient humidity (RH30 −45%) and high humidity (RH >90%), and showed that the influence of the humidity on LD was not negligible (17) .
In addition, LD technology applies a different principle compared with NGI. To establish a reliable analysis for formulation assessment, it is important to study the correlation between LD and NGI (26-28). Ziegler et al. studied the correlation between LD and ACI in PSD assessment of nebulizers with soft mist inhalers, which use a spring to push the liquid through a micro-nozzle thus producing an aerosol.
Presently, the correlation between LD and NGI results in PSD assessment of nebulizers has not been reported, even though the latter instrument is more widely used in pharmaceutical practice than ACI (17) .
In this study, we investigated the effect of temperature and humidity on the PSD assessment of nebulizer by LD. We also studied the consistence between LD and NGI results in PSD assessment of aerosol generated by jet nebulizer with different particle size ranges. The operation flow rate of LD and NGI instruments were adjusted to a value similar to the EP requirement (17, 22) . The purpose of this study is to provide a reference for an accurate assessment of nebulizer using either LD or NGI.
MATERIALS AND METHODS

Materials
The PARI ® Jet nebulizers used were as follows: PARI LC (MMD=2.2 μm), PARI LC (MMD=2.9 μm), and PARI TIA (MMD=8.6 μm) (PARI GmbH, Germany). The MMDs are provided by PARI GmbH, which utilized a 1.2 bar compressor and measured with Malvern Mastersizer X using a 0.9% NaCl solution and an inspiratory flow 20 L/min.
Three types of nebulizers with different particle size ranges were investigated using compressed air at a flow rate of 6.0 L/min to generate the aqueous aerosols. A Ventolin inhalation solution (the active drug is racemic salbuterol) and the aerosol solution formulation ResQ-1 (the active drug, R-salbuterol was provided by Key-Pharma Biomedical Inc., Dongguan, China) was used at a concentration of 2.5 mg/mL. Sodium dihydrogen phosphate (Cheng Du Ke Long Chemical Co., Ltd., Chengdu, China) and methanol (Thermo Fisher Scientific Inc., China) were bought from commercial sources. Two types of standard samples (Thermo, Duke Standards™) with a normal diameter of 1 and 9 μm were used to verify the reliability of the laser diffraction apparatus.
METHODS
Particle Size Calibration
To verify the reliability of the laser diffraction apparatus (Spraytec, Malvern instruments, UK), two types of standard samples with a normal diameter of 1 and 9 μm were used for calibrating the laser diffraction apparatus. The standard samples consist of polymer microspheres of defined sizes. The size distribution of the standard samples was measured with the laser diffraction apparatus; the distributor MAM5020QSpec MU (Malvern instruments, UK) was installed to the sampler, 1 L of distilled water was filled into the distributor, 2000 rpm was set up in order to disperse the samples, and three drops of standard samples were placed into the distributor.
Various parameters were calculated automatically in the Spraytec software (Malvern instruments, UK) for volumebased size distribution: the particle size below which 10% of the spray lies (Dv (10)), the particle size below which 50% of the spray lies (Dv (50)), the particle size below which 90% of the spray lies (Dv (90)), and Span (the width of the distribution-the narrower the distribution, the smaller the span becomes-is calculated as:
). Values presented are the average of at least three determinations. The results were compared with the nominal values given for the standard samples reference.
Particle Size Characterization by Laser Diffraction
The volume particle size distribution was measured using a Spraytec LD (Malvern instruments, UK) instrument at different temperatures and humidities. A temperature regulating chamber (JinLiXin Ltd., China) was used to set the temperature (5, 25±2, and 39±2°C) and under ambient humidity (relative humidity RH 50-70%), and the effect of temperature on aerosol PSD was investigated using the Spraytec. Furthermore, the influence of humidity on the Spraytec aerosol particle size was validated under low humidity (RH 30-45%) and high humidity (RH > 90%) using a humidity controller (JinLiXin Ltd., China).
The Spraytec was assembled with the inhalation cell (Malvern instruments, UK) and was placed in the chamber (JinLiXin Ltd., China) at a set temperature or humidity, and the system was incubated for 4 h. The nebulizer was connected to a USP throat at the inlet of the inhalation cell, and a high capacity vacuum pump (HCP5, COPLEY Scientific, UK) calibrated at 15 L/min was attached to the outlet of the cell (Fig. 1) . The nebulizer was filled with 3 mL (4 mL for the PARI TIA) of inhalation solution and the total aerosol collection time was 5 min.
Various parameters such as Dv (10), Dv (50), and Dv (90) were calculated automatically in the Spraytec software (Malvern instruments, UK). Values presented are the average of at least three determinations.
Particle Size Measurement by NGI
The NGI (COPLEY Scientific, UK) was operated at 15 L/min using a high capacity vacuum pump (HCP5, COP-LEY Scientific, UK) to measure the aerosol particle size at 5°C. The nebulizer was connected to the induction port of the NGI with a mouthpiece adapter, filled with 3 mL of inhalation solution, and the aerosol collection time was 5 min. When the aerosol finished, the nebulizer was first turned off and then the pump was turned off after 10 s. Once the measurement was completed, the cup holder tray was removed and the samples were washed repeatedly with ultra-pure water (Mili-QA10, USA). The samples were then removed to a volumetric flask and were determined using high performance liquid chromatography (HPLC) (18, 37, 38) . The following parameters were calculated using CITDAS software (COPLEY Scientific, UK): mass median aerodynamic diameter (MMAD), geometric standard deviation (GSD), and fine particle fraction (FPF). MMAD is defined as the diameter at 50% of the cumulative mass curve which was plotted versus the logarithm of the effective cut-off diameter. GSD is defined as the sharpness of the collection efficiency curve and derived from the square root of the ratio of diameters at 84.13% and 15.87% cumulative mass. FPF is defined as the percentage of drug present in the respirable stages of the impactor over the total amount of deliverable drug. Values presented are the average of at least three determinations (19, 37, 38) .
The Correlation Between Inertial Impaction and Laser Diffraction
To establish the correlation between NGI and Spraytec measurements, a stainless steel connector (ZhengXin Ltd., China) was used to connect the outlet of the inhalation cell to the inlet of a stage-one nozzle (Fig. 1) . The connection allowed the same aerosol to be measured simultaneously by the Spraytec and the NGI. The drug deposition recovered on the different stages of the NGI was determined by HPLC. Therefore, particle size could be assessed using the two Fig. 1 . Front side view of the experimental set-up for simultaneous particle size distribution measurements with NGI and Spraytec techniques in series. All of the tests were performed with the three different of nebulizers at 15 L/min and 5°C. The values presented are the average of at least three determinations.
Chromatographic Conditions
The sample was analyzed by HPLC (LC-20A, Shimadzu corporation, Japan) employing a 0.08 mol/L sodium dihydrogen phosphate solution (pH 3.10 ± 0.05) and methanol (85:15, v/v) as the mobile phase with a flow rate of 1 mL/min. The mobile phase was filtered through a 0.45 μm nylon membrane filter (Whatman, UK) under vacuum and degassed prior to use. All the samples were filtered through a 0.45 μm nylon membrane filter before injected. The chromatographic column was an Agilent ODS column (150×4.6 mm, 5 μm), and UV detection at 276 nm was employed. The column temperature was held at 40°C. The injection volume was 20 μL, and the retention time (RT) of the salbuterol was approximately 4.00 min. To evaluate the linearity of the method, seven calibration curves in the concentration range of 0.9765625 to 62.5 μg/mL (0.9765625, 1.953125, 3.90625, 7.8125, 15.625, 31.25, and 62.5 μg/mL) were prepared. The limit of detection (LOD) and limit of quantification (LOQ) was 0.23 and 0.70 μg/mL, respectively. The mean linear regression equation was y = 7034.5x-328.32 with a correlation coefficient of 1.0000 (39).
Statistical Analysis
All results are shown as mean±standard deviation (S.D). The correlation between the NGI and LD measurements can be fitted by linear regression analysis of data. Two groups were compared using the paired Student's t test and P<0.05 was considered significant (SPSS 17.0, SPSS Inc., Chicago, USA).
RESULTS
Particle Size Calibration of Spraytec
Two types of polystyrene suspension liquid standard samples (Thermo, Duke Standards™) with normal diameters of 1 and 9 μm were used for assessing the reliability of the laser diffraction analyzer. The results of the particle measurements were shown in Table I .
All of the standard sample values measured by Spraytec meet the tolerance interval, showing good reliability of the laser diffraction analyzer.
Influences of Temperature and Humidity on Particle Size Measured by Spraytec
The particle size distribution of two different inhalation formulations, i.e., Ventolin and formulation ResQ-1, were assessed separately at 5, 25±2, and 39±2°C, and at RH 30-45% and RH>90%. The commercially available jet nebulizers, namely PARI LC (2.2 μm), PARI LC (2.9 μm), and PARI TIA (8.6 μm), were selected to study the roles of particular sizes of particle droplets in the above assessment. Tables II and III summarized the changes in the volume of the distribution of particles at 50% (Dv (50)). The results indicated that temperature and humidity have significant effects on the assessment of particle size at Dv (50) (P<0.05); there was an increase in particle size (Dv (50)) with increasing temperature (Table II) . However, humidity has the opposite effect on the measurement. There was a decrease in particle size (Dv (50)) with increasing humidity (Table III) .
These effects of changing of temperature and humidity were enhanced when the aerosol droplets were generated from the three jet nebulizers producing different size of particles. The effects of temperature and humidity on particle size measurements are much greater when the PARI TIA (8.6 μm) was used compared to the PARI LC (2.2 μm) and PARI LC (2.9 μm).
The effects on the particle assessments resulting from changing temperature, humidity, and jet nebulizer were similar between Ventolin and formulation ResQ-1.
The assessment of cumulative particle distribution (from Dv (0) to Dv (100)) as well as the distribution of particle size population was also studied using the above conditions. The curve of cumulative distribution of particle volume and curve of frequency distribution of particle size generated at different temperatures (Fig. 2a, b) and humidities (Fig. 2c, d) were presented below. Figure 2a illustrated the cumulative change of percent volume vs the increase of particle size in the aerosol droplet using PARI TIA (8.6 μm) and formulation ResQ-1. The results showed that there is a decrease in volume distribution percent of particles when the ambient temperature increased during measurement. The volume distribution measured at 39±2°C differed significantly compared to 25±2 and 5°C (Table II) . There was a right shift of accumulation curves with an increase in ambient temperature. Figure 2b was the Two types of polystyrene liquid suspensions were used as standard samples (Thermo, Duke Standards™) whose normal diameter is 1 and 9 μm was used for testing the reliability of the laser diffraction analyzer. The results of the particle measurement are shown in Table I frequency distribution of the particles recorded from the same test results. The figure showed that there are two major populations of particles at 0.1-1 and 1-100 μm when the measurements were conducted at 5 and 25±2°C. The measurements of these two temperatures were consistent. However, the frequency distribution was different when measured at 39±2°C, and there was only one major population of particle size. Figure 2c illustrated the cumulative change in volume percent compared with the increase in particle size of the aerosol droplets using PARI LC (2.9 μm) and Ventolin. The results showed that there is an increase in volume distribution percent of particles when the relative humidity increased during measurement. The distribution volume measured at RH > 90% was significantly different compared to that of RH 30-45% (Table III) . There was a right shift of accumulation curves with decreasing relative humidity. Figure 2d was a frequency distribution of the particles recorded from the same test results. The figure showed that there are two major populations of particles at 0.1-1 and 1-100 μm when measured at RH> 90%. However, the frequency distribution was different when measured at RH 30-45%, and there was only one major population of particle size.
Comparison of Particle Deposition Measured by NGI when Used Individually and in Series with LD
Particle deposition was first measured with NGI individually. The same measurement was conducted with NGI connected in series to the Spraytec LD instrument. To ensure the same aerosol and flow conditions, a metal adaptor was used to connect the NGI and Spraytec systems.
Two formulations of inhalation solution (ResQ-1 and Ventolin) were measured using the NGI at the same flow rate (15 L/min) and with the same nebulizers. Histograms of drug deposition for different stages in NGI analysis are presented in Fig. 3 .
The comparison of the results obtained from seven stages and MOC (Fig. 3) show excellent correspondence between measurements using NGI separate individually and in series (formulation ResQ-1, Fig. 3a , t test, P>0.05; Ventolin inhalation solution, Fig. 3b, t test, P>0 .05).
Study of Consistency Between NGI and Spraytec Assessments of Nebulizer
The comparison of NGI and Spraytec were completed using three types of nebulizers (PARI LC (2.2 μm), PARI LC (2.9 μm), and PARI TIA (8.6 μm)) and two types of drug formulations (Ventolin and formulation ResQ-1). The data were measured simultaneously on the NGI and Spraytec instruments under the same ambient conditions (5°C, RH 50-70%). The histograms of the cumulative frequency corresponding to different particle size diameter were shown in Fig. 4 . The cumulative frequencies of NGI were greater than that of the Spraytec when the particle size was less than 5.39 μm (Fig. 4a-d) . The results indicated an inconsistency between NGI and Spraytec measurements when using the PARI LC (2.2 μm) and PARI LC (2.9 μm) nebulizers. However, there is a good consistency between NGI and Spraytec measurements when using the PARI TIA than PARI LC nebulizers. When using the PARI TIA (8.6 μm), the cumulative frequencies of Spraytec and NGI measurements were equivalent between the particle sizes 2.08 and 14.10 μm, but were slightly greater in Spraytec than in NGI when the particle size was less than 2.08 μm.
The linear correlation of the cumulative fraction (CF) yields for formulation ResQ-1 is shown in Fig. 5 9 μm) . a Shows the cumulative distribution of particle volume (formulation ResQ-1 and PARI TIA (8.6 μm)), the curve shift right with temperature increase, and b is the frequency distribution of particle volumes (formulation ResQ-1 and PARI TIA (8.6 μm)). There were two particle populations measured at 5 and 25±2°C; however, the particle population under 1 μm is below the detection limit when measured at 39±2°C. c Shows the cumulative distribution of particle volumes (Ventolin and PARI LC (2.9 μm)), the curve shift right with relative humidity decrease, and d is the frequency distribution of particle volume (Ventolin and PARI LC (2.9 μm)). There were two particle populations when measured at RH>90% and RH 30-45% 
DISCUSSION
The Pharmacopeia does not require the environmental operating condition when evaluating the aerosol particle size by LD. In this study, we demonstrated that temperature and humidity are important factors with significant influence on the particle size distribution measurement using the Spraytec instrument in the evaluation of aerosol inhalations. The drug deposition of inhaled aerosol is significantly different when the measurements were conducted at different ambient temperature or humidity.
Particles with a diameter less than 1 μm were undetectable at 39°C compared to 5°C. The same result was observed when at RH 30-45% was compared to RH>90% (Fig. 2) . This outcome is likely due to the fact that small particles with higher specific surface area are easily evaporated. The Spraytec instrument was equipped with a metal inhalation cell to minimize the perturbations resulting from the environment. However, the metal cell can also be a good conductor of heat to or from the ambient environment. The temperature in inhalation cell may rapidly increase as the increase of temperature in the regulated chamber. It may result in the significant effect of temperature on the performance of the Spraytec instrument.
Small particles (<1 μm) are likely to be deposited deep in the lung and therefore they are particularly important in the evaluation of aerosol inhalation (10) . Commonly used parameters such as MMAD and cumulative PSD can be significantly changed by the population of small particles. Therefore, it is necessary to consider the influence of temperature and humidity on aerosol measurement when the Spraytec instrument is used. The optimum operating condition in LD is in 5°C or in RH>90%. Our result is in accordance with a previous report by Ziegler et al. in which a special soft mist inhaler and different LD equipment were used (17) .
The recent trend of systemic pulmonary drug delivery makes it very important to understand the correlation between the aerodynamic diameter, determined by in vitro measurements or in vivo lung deposition studies, and different g e o m et r i c d i a m e te r s m e a su r ed by a v ar i et y o f nonaerodynamic techniques (13) . LD provides a volume distribution of the geometric diameter (diameter of a sphere with the same volume) while the inertial impaction provides the aerodynamic diameter (diameter of a sphere with a unit density having the same velocity as the droplet) (40) . In pharmaceutical practice, the operating condition can be well controlled. The Pharmacopeia have fixed 5°C as the NGI optimum operating condition (22) . In this study, the same optimum operating condition has been found in the LD instrument. Therefore, to explore the correlation between two NGI and LD, both two different instruments have been operated in the optimum operating condition (in 5°C). We found a poor correlation between NGI and Spraytec analyzers by comparing the results of the two measurements. This result is more pronounced when the particles are generated by different nebulizers, such as the PARI LC (2.2 μm) and PARI LC (2.9 μm). However, a relatively good correlation (R 2 =0.977) between NGI and Spraytec analyzers was observed with larger size particles generated by the PARI TIA (8.6 μm) nebulizer (Fig. 5) .
It is notable that findings above comparing NGI to laser diffraction measurements are contrary to previous reports that compared ACI to laser diffraction.
The previous report indicated good correlation and consistency in measurements between inertial impaction (ACI) and laser diffraction methods (17) .
The poor consistency or poor correlation cannot be attributed to the in series set-up of NGI and Spraytec instruments, because the NGI measurements are well correlated and consistent when used individually or in series with the Spraytec instrument for evaluation of the same aerosol (Fig. 3) .
CONCLUSION
This study investigated the effects of temperature and humidity on the particle sizing of nebulizer by LD and compared the consistency in particle size measurement between NGI and LD. The study found that the assessment of nebulizer by LD was significantly affected by either temperature or humidity, and an optimum result could be yielded at 5°C or RH>90%. Furthermore, this study found that there was an inconsistency in the assessment of nebulizer between LD and NGI when both of the apparatuses were operated at optimum conditions. In addition, the particle size generated by different jet nebulizers could also have a great impact on the assessment by either LD or NGI. These differences should be taken into consideration in the evaluation of the qualities of nebulizer products in pharmaceutical practice.
